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SUMMARY

This report presents the vork performed during the period July 1,
1953, to December 31, 1953, on "A Study of the Pundamentals of Combustica,"
Jointly sponsored by the Office of Naval Research, Sciemce Division,
Power Branch and by the Institute of Gas Technology in the laboratories
of the Institute of (Gas Technology at Chicage, Illinois.

The results of a study of the burning velocity of the methane-
oxygen-nitrogen system at a theoretical adiasbatic flane temperature of
2250°K at one atmosphere pressure are presented. Ten mixtures vhich
yield theoretical adiabatic flame temperetures of 2250°K at one atmo-
sphere ressure were calculated for esach of the systems methane-oxygen-
nitrogen, methane-oxygen-argon, and methane-oxygen-helium.

The burning velocities of the methane-oxvoen-nitrogen svatem aof
22507K weire substantially higher than the burning velocities for the
2000°K isotherm previously reported. For the system methane-oxygen-
nitrogen at 2250°K a maximum burning velocity was observed in the 7.0:1.0
to 8.0:1.0 oxygen to methane mole ratio range, which is approximately the
same as for the 2000°K isothemm.

¢

EXPERIMENTAL YROCIEDURE

The burning velocities were experimentally determined on a Toeppler-
Schlieren type coptical system. Cambustion took place on a one-quarter
inch water- jacketed burner tube. The burner inlet composition vas deter-
minted by a metering panel vhich incorporetes the usual jeweled-edge
critical flow orifices. Each of the mixture components vas metered
seperately through 4ts owm critical flow orifice. The mass spectrometer
analyses of these pure gas components are given in Table I. The sepa-
rate streamgwere joined at a mixing tee and massed to the burner.



The ocone height of the flase was measured from flame photographs,
enlarged on an averege to six Jiamsters. The swrface area of the flame
vas then calculated from the equﬁtiéix ¥ &
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Where Vg - Burning velceity ir ft./sec.
Vg = Gas velocit in burner in ft./sec.
Flame height in centimeters, and
D = Dismeter of burner in centimeters
This equation assumes the flame shape to be that of a right circu-
lar cone. |
Each of the burner inlet gas compositions was calculated to yleld
a theoretical adiabatic flame tempersture of 2250°K at one atmosphere

pressure.

The burner inlet gases wvere fed at a Reynolds number of 1200 except
for the stoichiametric mixture. It was roﬁnd necessary to decrease the
flow rete of this mixture to ohtain & stable flame.

DISCUSSION

Ten mixtures vere caloulated for the methane-oxygen-nitrogen system
at the 2250°K flame tewperatures (Fig. 1 and Tables IT and IIT). The
burning velocities of these mixtures were determined on a one-quarter
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plete, the results to date are %abulated in Table IV and are shown

graphically in Fig. 2. Data for the 2000°K isotherm are also shown for
It can be seen that at the higher flame eratw (2250%K) the

burning velocities were considerably higher. gho general shape of the

burning velocity isotherm is the same as at tho lower (2000°K) flame
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tempereture. A maximum valus vas experienced at an oxygen to methane
retio of 8.0:1.0, on the methans-oxygen-nitrogen 2000°K system. The same
systesi at 2250°K was found to exhibit a simllar séeimm burning velooity
"in the same fusl-lean renge of the isotherm. The stoichiometris mixture
resulted in blow-off st s Reynolds mumber of 1200, The flow rate of this
mixture was redusad to a Reynolds mumber of 825 for the burming velocity
detemmination.

Ten mixtures vere calculated for ths methane-oxygen-argon and
mothane-oxygen-helium systems which yield a flame temperature of 2250°K
assuming chemical and thermal equilibrium at the flame front and under
adiadvatic conditioms.

The burning velocities of these tvo systems will be investigated for
the purpose of comparison to the same systems at the 2000°K flame temper-
sture. In Repart Ko. S ths possibility of radisl diffusion was presented
as being the cause for unexpected results on the methane-oxygen-argon
2000°K system. This investigation, vhen completed, should establish
vhether this diffusional mechanism is of importance. The results of
these equilibrium calculations on helium and argon mixtures are presented
in Tables V and VI.

CONCLUSIONS
(1) Raising the flame tempereture fram 2000°K to 2250°K displaces the
burning velooity of tha CHy~0n-N, system throughout the range of
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isotherms sre aimilar.
(2) Maximum burning veiocities for the CHy-Op-Np system at both 2000°K
and 22509%K veres exhibited in the fuel lean range of the isotherms.

RECOMMENDATIONS
(1) Complste the present work on the 2250°K isotherm of the methane-
oxygen-nitrogen system and correlate these results.



Complete measurement of the burning velocities forr the mathano-
oxygen-argon and mothane-oxygen-helium systems at 2250°K.
Correlate these data and the past (2000°K) data on the same systems

- with the transport properties of the systems.
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Metgm Mothans &

0.86 0.00 53.87 46.13 0.00
1.2 2.16 22.93 27.52 49.55
2.0 7.28 9.72 19.45 70.83
3.0 6.48 9.54% 28.63 . 61.82
5.0 5.40 9.61 38.46 51.93
5.0 .31 9.70 48.49 41.82
£.C 2.5 5.70 3551 24.0¢
7.0 2.19 9.81 68.67 . 21.52
8.0 1.16 9.85 78.77 11.38
9.2 0.00 9.81 90.19 0.00



0.02524
0.30721
0.21129
0.00030
0.45098
0.00000
0.00498
0.00000
0.00000
0.00000
0.00000

0.09244
0.00268
0.18627
0.00577
0.00095
0.09086
0.00023
0.00121
0.00859
0.61188
0.00000

0.09590

0.00101
0.18726
0.00691
0.00067
0.18440
0.00019
0.00172
0.01118

0.51115
0.00000



uilibrtum

smcn at a Theoretical Adiabatic Flame Temperature of
ﬁ at Atmosphere Pregssure
Datum Tempereture 30C0%K
A

Produots _ 5.0 6.0 1.0 8.0 9.2
COp 0.00%95  0,09587  0.096M4  0.09671  0.09654
co 0.00156  0.0013%  0.00121 00111  0.00101
O 0.18875  0.189%1  0.19006 0.19056  0.19005
OH 0.007T70 0,00833 0.00884%  0.,00927  0.00970
B 0.0005%  0.00047  0.00042  0.00038  0.00035
oz 0.28161  0.38019  0.47989  0.57927  0.69915
H 0.00017 ©0.00016 0.00015 0.00015  0.0001%
0 0.00213  0.00247  0.00278 00305  3.00335 -
N0 0.01238 0.01248 0.01151 0.00913  0.00000
N 0.81029 0.30903 0.20829  0.10853  0.00000
N 0.00001 0.00001 0.00001  0.00000  0.00000

TABIE III (Cont'd)

Composition of the Products for the ﬂatbnne-bxmcn-




TABIE IV

Experimental Data for the Mothano Ovm-mta'ogen System at 2250%K and

One Atmosphere FPressure
u%‘ _%_, Q | Nge VB
Voltmotric Flow A

Cons Height Rate af: Bg . loc t:greagg R”P.W Velocity

Port Diameter (vl'ﬂ) 2?I*‘tﬁg«o (rt./!
0.86 6.69 19.197 15.643 1200 1.55
1.2 9.19 10.608 8.644 1200 0.64
2.0 2.65 7.159 5.83h 825 1.83
3.0 2.52 10.090 8.222 1200 2,03
5.0 2.15 9.921 8.084 1200 2.38
5.0 1.93 9.916 8.080 1200 2.64
6.0 1.81 10.079 8.213 1200 2.83
7.0 1.79 10.403 8.477 1200 2.95
8.0 1.95 10.881. 8.867 1200 2.9%
9.2 2.14 11.602 9.454% 1200 2.81



TABLE V

Burner Inlet Gas Compositions for the Methans A:'}on and Methane
Oxygen-Helium Systems at a Constant Theoretical :l.abl

ature of at_One Atmosphere Press

Mole Ratio Mole Ratio Mole Mole Mole
e hane Methene _lethane Oayasn _ Avgon or Heliwm

0.86 0.00 53.87 46.13 0.00

1.2 3.77T 16.75 . 20.10 63.15

1.6 . 8.16 9.29 14.87 75.84

2.0 11.45 6.92 13 8t 70.24

3.0 10.5¢ 6.85 20.57 72.58

4.0 7.15 8.23 32.94 58.83

5.0 7.1% 7.61 38.04 54,36

6.0 5.46 8.02 48.14 43.83

7.0 3.75 8.51 59.58 31.91

8.0 2.06 9.04 72.34 18.62

9.2 0.00 9.8 90.19. 0.00



TARIE VI

nmnumm Composition of the Products for the Methane

and Methane-Oxygen-Hslium tems at a Theoreticsl Adiada Flame
m&whutmamm

0.86

0.0252%
0.30721
8.21125
0.00030
0.45098
0.00000
0.00000
0.00498
0.00000

Datunm Temperature 300°K

CXYGEN TO METHANE RATIO

1.2 1.6

0.0307h
0.11666
$.17605
0.00049
0.11719
0.00000
0.00001
0.00254

0.55629

2.0

0.0MT
0.04504

- . -

0.15113
0.00088
0.02684
10,00007
0.00003
0.00121
0.73032

0.05869

0.0102%
0.15259
0.00198
0.00406
0.00250

-0.,00020

0.00047
0.78925

3.0
0.06616
0.00222
0.00454
0.00078
0.06795
0.00104
0.00021
0.72351

=Argon

5.0

0.07025
0.00162
0.14029
0.00561
0.00057
0.14271
0.00151
0.00018
0.63726



TABLE VI (Cont'd)

Equiubﬂ. cm:mormmtcrmmm -Argon
and Methane-Oxygen-Helium at a Theoretical Adiabatic Flame

ture of at One Atmosphere Pressure

Produsts 5.0 6.0 7.0 9.2
coy 0.07842 0.07876 0.08%7  0.09908  0.09655
co 0.00137 0.00122 0.00113 0.00106 0.00101
5,0 0.14779  0.15586  0.16512 0.17579  0.19005
oH 0.00645 0.00722 = 0.00797 0.00873 0.00971
2 0.00048 C.00042  0.00039 0.00037  0.00035
0, 0.22587 0.31732  0.4211% 0.53%693  0.69915
0 0.00190  0.00226  0.00260  0.0029%  0.00335
i f 0.00016 0.00015 0.00015 0.0001%  0.00014

Aor 0.58155 0.43679 0.31763  0.18541

0.00000
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